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ABSTRACT

An experimental compound interferometer antenna of the ''pseudomono-
pulse" type has been constructed and tested in order to help evaluate
its applicability as a possible radar antenna. The antenna consists of
eight identical horn-reflector elements that are arranged to provide a
compound interferometer aperture measuring 160 wavelengths across. The
half-power beamwidth measured about 12 minutes of angle at the operating

frequency of 15 gigacycles.

The patterns measured on this experimental model conform quite
closely to the patterns predicted by the theoretical analysis, and con-
firm the basic operating principles of this cross-correlated antenna.
The flexibility and ease of receiver control over the effective power
pattern proved to he a very interesting feature. Two different sidelobe
suppression techniques were tested successfully; one utilizing a non-
linear element at the receiver circuit output, and the other using an
automatic channel-signal-balancing servo. It was found that these two
techniques were complementary, and that it is advantageous to use them
simultaneously. Sidelobe suppression in the range of from 10 db to

40 db was demonstrated.

It is concluded that the natural adaptability of the compound
interferometer to sidelobe suppression techniques would permit its use
as a radar antenna in those applications where its high resolution and
aperture conservation outweigh the disadvantage of a more complicated
receiver. The antenna should be particularly attractive at HF and UHF
bands, where aperture conservation is of quite some economic importance.
Also, it should be useful for communications purposes as well as for

radar.
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I INTRODUCTION

The compound interferometer is a radio astronomy antenna that has
a single-lobed power radiation pattern of the form sin a/a, with approxi-
mately half the beamwidth of a conventional antenna of the same aperture
dimension. An introductory analysis of this antenna and a discussion of
its adaptability to radar use is given in previous reports."’* There
it was found that this antenna could be adapted to radar use by operating
it in a "pseudomonopulse” manner. Principal advantages to be gained from
using an antenna of this type include high resolution and considerable
aperture conservation (reduction in the number of elements), with savings
of 75 to 95 percent readily attainable. Princ¢ipal disadvantages en-
countered include a high sidelobe level, which forces the implementation
of sidelobe suppression techniques, and a somewhat more complex receiver

arrangement.

The compound interferometer appeared to offer enough promise as a
prossible radar antenna to warrant a modest experimental program. Conse-
quently, an experimental antenna was constructed, and its receiver was
implemented to the extent permitted by the limited funds available. This
simple receiver would not permit a thorough evaluation of the antenna,

but at least it did confirm the basic operating principles.

* References are listed at the end of the report.
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II PATTERN MEASUREMENTS ON AN EXPERIMENTAL
COMPOUND INTERFEROMETER ANTENNA

A. Description of Antenna

The experimental compound interferometer antenna is shown in Fig. 1,
mounted on top of its pattern test range tower. A front plan-view of the
configuration is shown in Fig. 2. The antenna consists of eight identical
horn-reflector elements. Four of these elements are mounted adjacent to
one another to form the 40X uniformly-illuminated section of the aperture
(Horns 1, 2, 3, and 4 in Fig. 2), and the remaining four elements are
spaced apart by 40\ to form the interferometer section of the aperture
(Horns 5, 6, 7, and 8 in Fig. 2). Over-all aperture width is about 160},
which is large enough to permit close approximation to the aperture il-
lumination functions assumed in the theoretical analysis.! To keep the
physical dimensions down to a reasonable size, a wavelength of 2 cm
(15 Gigacycles) was selected for operating the antenna, so that the
over-all antenna width is about ten feet. The eight elements are fed so
as to obtain horizontal polarization, and the RG-91/U waveguide feed
lines are designed to be of equal length to each element in order to
achieve broad bandwidth. All junctions consist of matched hybrid junctions
(magic tees) in order to eliminate anti-phase signals and reduce multiple

reflections in the plumbing.

The horn-reflector type of element?® was chosen because of its sim-
plicity of construction, inherent broad bandwidth, ability to utilize any
polarization, excellent gain, and good pattern characteristics. Figure 3
is a sketch of the horn-reflector design employed, showing the pertinent
dimensions. The horn portion of the element is fabricated from 1/8-1nch
brass sheet, thus making it rugged enough to retain its accurate py-
ramidal shape under the usual conditions encountered in handling and
testing. The reflector portién of the element consists of a reinforced
fibreglass panel which was formed against a very accurate plaster mold.

The fibreglass reflector surface is sprayed with silver paint after it is

attached to the brass horn.
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When operated at 15 Gigacycles, these horn-reflector elements have
a galn of about 30 db, and a half-power beamwidth of 5.1 degrees in the
E-plane. A typical E-plane pattern is shown in Fig. 4.
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FIG. 4 E-PLANE PATTERN OF HORN-REFLECTOR 8 (E-Field
Perpendicular to Horn Axis) = FREQUENCY 15 GIGACYCLES



The eight elements are bolted to a 1/2 x 3-inch steel bar that is,
in turn, bolted to a fairly stiff aluminum-channel support structure,

thus resulting in a mounting of adequate rigidity.

B. Al;gpment of Antenna

The alignment of the eight horn-reflector elements was accomplished
on the 1320-foot pattern test range at Stanford Research Institute, the
longest range available at the time. This distance caused some concern
initially because of the fact that it is shorter than the distance
normally required to insure safe phase error across the aperture--i.e,,

2p2 2 x (160)\)2

= N = 3340 feet . (1)

Thus, using the 1320 foot range would require working in the near field
of the antenna rather than the far field. However, the criterion repre-
sented by Eq. (1) is based upon focussing the antenna at infinity. If
the antenna is focussed at a shorter distance instead (in this case,

1320 feet), thus removing the phase error, then the power patterns ob-
tained will very closely approximate the true far-field patterns. Conse-
quently, the horn-reflector elements were positioned by shims so that
they were located on a circular arc of 1320 feet radius, rather than

being located on a straight line.

Another condition that had to be recognized on this short range was
the size of the transmitter antenna. With a final half-power beamwidth
of about twelve minutes, the width of the beam at 1320 feet is only five
feet. Thus, a transmitter antenna of otherwise reasonable size, such as
a three-foot-diameter dish, occupies a large fraction of the beamwidth
and can hardly be considered a point source. Looking at this problem in
terms of the illumination taper across the ten-foot receiving aperture
at 1320 feet, it can be readily calculated that in order to keep the
illumination constant within 0.1 db across the receive aperture, the
transmitter dish may not exceed eighteen inches diameter. Since the
theoretical analysis of the compound interferometer assumes uniform
illumination, it was considered necessary to restrict the size of the
transmitter antenna to eighteen inches or less in the horizontal plane.

6



The very narrow beamwidth of the anter ra made it necessary to
provide an accurate azimuth reference mark to which all patterns could
be aligned. This reference was provided in the following manner. A
boresight telescope was fixed to the support structure at the center of
rotation, or phase center, of the antenna which is located midway between
Elements 5 and 6 in Fig. 2 (note that the antenna is asymmetrical). This
telescope was accurately shimmed to point in the broadside direction and
thus became the optical boresight reference. A microswitch was then ar-
ranged with respect to a cam on the mount turntable such that the micro-
switch would snap on whenever the cross-hairs on the telescope passed
through the center of the transmitter antenna as the mount turntable
rotated clockwise. The microswitch actuated a marker pen on the pattern
recorder, so that a boresight reference mark was present on all patterns
and could be utilized 1o achieve accurate alignment. The marker pen was

aligned with the recording pen, of course.

The pattern range equipment used for taking alignment patterns con-
sisted of a square-wave-modulated, 200-milliwatt X-12 klystron trans-
mitting through an eighteen-inch-diameter dish, and on the receive end a
1N78 crystal video detector feeding a tuned 1000-cycle amplifier that

drives a 40-db logarithmic, rectilinear recorder.

The first step in the antenna alignment is to get the four pairs of
elements (Nos. 1 and 3, 2 and 4, 5 and ¥, 7 and 8) accurately pointed
at a spot 1320 feet away. This was accomplished by taking difference
patterns on each pair, and adjusting the waveguide phase until the central
null in the difference pattern was exactly aligned with the reference mark
mentiored above. Phase adjustment was obtained by means of a waveguide

creasing tool. A typical difference pattern is shown in Fig. 5.

The second step consisted of combining the two pairs of elements
(Nos. 1 and 3, 2 and 4) to form the uniformly illuminated section. Here
again, difference patterns between the two pairs were taken to obtain
accurate alignment of the central null with the reference mark. After
final j.ase adjustment, a sum pattern was taken on this set of four

elements, and it is shown in Fig. 6. This sum pattern conforms reasonably
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well to the theoretical expression assumed for the uniformly illuminated

section
() o

where u = ﬂ(w/l) sin 6. For this section, w has a value of 32 inches.

The third step consisted of combining the two pairs of elements
(Nos. 5 and 6, 7 and 8) to form the interferometer portion of the antenna,

Difference patterns between the two pairs were taken to obtain accurate
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alignment of the central null with the reference mark. After final phase
adjustment, a sum pattern was taken on this interferometer and is shown
in Fig. 7. This sum pattern conforms reasonably well to the theoretical
expression assumed for the interferometer portion

sin %) :

(

+cosu - cos 2ul . (3)

LT
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The jerky appearance of portions of this pattern was caused by gusts of
wind which created a torque on the antenna and thus perturbed the other-

wise constant rate of rota:ion of the mount turntable.

The fourth step consisted of combining the uniformly illuminated
section with the interferometer portion to form the complete compound
interferometer antenna as represented in Fig. 2. At this step, one can
use either the sum or the difference pattern to achieve final phase

adjustment of the connecting waveguide lines, because the symmetry of
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the sidelobes is sensitive to phase adjustments. The final sum power
pattern, IZ]’, of the compound interferometer antenna is shown in Fig. 8.
This sum pattern conforms reasonably well to the theoretical expression®

calculated for the complete compound interferometer:

u
sin (=
2 _ _1_(sinu)2 1 (4) )
lzl = 2\~ o + y cos u cos 2u

(4)

Comparison may be made between the logarithmic power pattern in Fig. 8
and the linear power pattern shown in Fig. II-16 of Ref. 1. As a note
of interest, the final difference power pattern, IAI’, of the compound
interferometer had a boresight direction null that measured -27 db below
the peak of the |Z|2? pattern.

The above steps complete the alignment of the antenna, making it

ready for use with the receiver circuitry.

C. Measurement of sin q/q Linear Power Pattern

Measurement of the sin o/a linear power pattern requires setting
up a receiver that will perform the necessary squaring and subtraction
operations, and the arrangement that was decided upon for these measure-
ments is shown in Fig. 9. This simple, video-receiver does not include
the IF amplifiers, mixers, and local oscillator that would be included
in a fully instrumented, radar-type, pseudomonopulse receiver (see
Fig. II-17 of Ref. 1), The reason for omitting these components is that
they are not really necessary in demonstrating the principles of operation
of the antenna. Thus, the receiver in Fig. 9 starts with the equivalent
of the square-law second detector, except that in this case it is de-

tecting the RF energy directly.

The video crystal detectors are preceded by a variable attenuator,
the main purpose of which is to adjust the peak RF power level to ten

microwatts or less in order to keep the video crystals in their square-law

11
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FIG. 9 BL.OCK DIAGRAM OF RECEIVER USED FOR OBTAINING LINEAR POWER PATTERNS
ON COMPOUND INTERFEROMETER

region. These attenuators also serve as gain controls in the two channels
and provide some helpful padding in the sum and difference output arms

of the compound interferometer antenna.

In order to transmit cetected pulses from the video crystal de-
tectors, which are located on the antenna itself, to the broadband video
amplifiers, which are placed on the deck and do not rotate with the
antenna, it is necessary to insert an impedance transformer between the
video crystal detector and the length of coax line that connects to the
broadband video amplifier. The reason for this is that video crystal
detectors have a high impedance, typically 5 K to 15 K, so that if one
connects a few feet of coax cable (typically 30 pyuf per foot) onto them,

a low-pass filter is formed and the pulses are stripped of their

13



high-frequency components. Therefore, an input cathode-follower stage
is attached directly to the video crystal detector mount and transforms
the impedance down to about 200 ohms with only a small loss in gain.

The particular cathode follower design employed is shown in Fig. 10, and

is intended to handle ten-microsecond pulses and also square waves,

O { SIGNAL
( ¥} o
4 FEET OF RG 62 A/U

LOW-CAPACITANCE CABLE

NOTE: R, *» 6K FOR USE WITH VIDEO XTAL DETECTOR
R, OMITTED FOR USE WITH OSCILLOSCOPE VIDEQO AMPLIFIER OUTPUT

FIG. 10 CATHODE-FOLLOWER CIRCUIT

The broadband video amplifiers consisted of the vertical amplifiers
in Tektronix Model 514 oscilloscopes. These amplifiers have a 10-megahm
input impedance and a video bandwidth that extends from about 20 cycles
to 10 megacycles. Their output amplifier consists of a push-pull
distributed-line amplifier driving the cathode ray tube, and in order to
pick off an »utput signal without loading down this balanced-line ampli-
fier, it is necessary to utilize a high-impedance, low-capacity, output
device. A cathode-follower can perform this function admirably, so that
the design shown in Fig. 10 was adapted to this purpose by removing the
input resistor, R;. With this output cathode follower attached, the

over-all gain measured about 330, With an RF pulse power level of about

14



10 microwatts peak at the video crystal detector, an output pulse of

10 volts peak was obtained from the output cathode follower,

Output pulses from the I channel and the A channel are fed into the
subtractor circuit, which is shown in detail in Fig. 11. This subtractor
circuit is basically a simple dc bridge with the inputs applied to tubes
V; and V,, and the output taken from cathode follower Vs. Tubes V, and
V, function as clamping diodes, the purpose of which is to restore the
video waveform to the shape that it had at the video crystal detectors--
i.e., after passing through one or more coupling capacitors, the waveform
loses its "dc baseline" and becomes an ac signal with negative portions.

The subtractor circuit will still subtract such ac signals, but its output

2
Il
-y
15K 10K-2 +
| l lﬁ ‘v‘s‘v -AAA- _“v‘v‘f' ’ -0 ?- 300v
= o IOOK::‘JCOBN‘#OL e
2(+ 6ALS <
v, _
o { T
o—— look-2e3
<
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<
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CONTROL < 1 1
Ve -
9
s *1-PUSE | | inear
oxg SUBTRACT
INPUT FROM D < OUTPUT
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L JL ‘Z-REC
o : I~
> 10K- 2w
SEPARATE S =
FILAMENT
SALS( — A
2w
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ne- 39 22

FIG. 11 SUBTRACTOR CIRCUIT
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then no longer has a constant dc¢ reference level for performing sidelobe
suppression. Consequently, it is necessary to restore the waveform to

its original dc baseline such that all portions of the signal are positive
with respect to that baseline. This effect is of little significance when
working with narrow pulse signals, where the dc baseline and the ac
average level are very nearly the same, but it becomes very significant

when working with wide pulses, square waves, or noise-like waveforms.

With an input pulse of 10 volts peak on either input, the subtractor
circuit will give output pulses of about 2 volts peak, the output pulse
being of positive sense if the input is on the I connector, and negative
if the input is on the A connector. Ignoring the Vg suppressor circuit
for the moment, it will be noted that the output pulses are available for
direct video presentation (for instance, on a monitor oscilloscope) at
the linear subtract output connector labelled "#l-Pulse" in Fig. 11; or
they are available for recording, after some filtering, at the linear
subtract output connector labelled "#2-Rec." in Fig. 11. This simple
subtractor circuit has too much dc drift to permit feeding a dc recorder
directly from output connector No. 2--i.e., for pulse signals especially,
the average dc voltage out of the subtractor is only about 10 or 20 milli-
volts at the most, and the dc drift in the circuit can sometimes equal
this in a few minutes time. Therefore, it is necessary to remove the dc
drift by means of a blocking condenser, and then recover the sense
(positive or negative) of the ac output signal by means of synchronous

detection.

A 1000-cycle synchronous detector* was available for use, but it

required some amplification of the rather small rms signal (typically

10 millivolts maximum) obtained from pulse operation. Thus, a 1000-cycle
tuned amplifier was inserted ahead of the synchronous detector. A
Hewlett Packard 415B was used for this amplifier because it incorporates
a decade attenuator and gain control that is convenient for adjusting
gain to suit the large change in rms signal level that occurs when one
gswitches back and forth between pulse and square-wave modulation. Since

the amplifier is tuned to 1000 cycles, it has the further beneficial

16



effect of suppressing the noise that would otherwise come through from

the broadband video circuits.

The reference signal for the synchronous detector is tapped off
from the 1000-cycle sync signal that controls the transmitter modulation

PRF (pulse repetition frequency) rate.

The output dc voltage from the synchronous detector, which has the
same sense and is proportional to the subtractor circuit pulse output,
is fed to a linear dc rectilinear recorder for automatically plotting

the received power linearly as the antenna rotates,

Prior to taking patterns, the subtractor circuit was balanced and,
also, the I channel gain and the A channel gain were balanced. The
latter balance was achieved by disconnecting the interferometer portion
of the antenna from the final magic tee so that this magic tee received
energy only from the uniformly illuminated section of the antenna. Thus,
the RF power was split equally into the £ and A arms, and the appropriate
variarle attenuator was adjusted for a null (zero) in the subtractor

circuit output.

A typical linear power pattern recorded on this antenna is shown in
Fig. 12. A linear power scale, normalized to the recorded peak, and a
calibrated angle scale have been added for convenience. In order to
permit comparison with the theoretical pattern, Fig. 13 shows a plot of
the theoretical pattern for this particular compound interferometer

antenna, given as

: _ s ~ 8inQ
‘Z! IAI P (s)
where

a = 8u = 8r(w/\) sin ©

w = 32 inches

A =0.7874 inch

6 = angle measured from the boresight direction .

17



ZI-619€ - D0

S$3TDAIVIIO S1 ADNIND3AS — YNNILNV

43 LINOAIFIYILNI ANNOGWCD QI LVIIAY0I-SSOUD NO N¥ILLVd ¥3MOd 3VINIT INVIH-3 ZL 9Id

$00,09p — 39NV NOILVLOM YNNILNV

e I

2

— T T 1 7T _ T T 71

T

| €
LN LA S AL B AL R B S AR (RN SRR

It

L

NHVYW IONINYIAIH IVIILLHO

hrr i 1 — L I

A

QDB§> S

€0-

s0-

e0

€0

v0

S0

90

L0

80

60

o1

3TVIS ¥IMOd HVINIT

18




VYNNI LNV 331 INOHIFYILNI ANNOdWOD TYINININIAXT THL 304 93LVINDIVI NNILLVD YIMOd dVINIT L. L NIS €1 "Oid

£1-619% -0

90100 — 3JIONV NOILVION YNNILNV
2 ! 0 t 2 [ v

€
T T L Ll T T L T T 17 7 T T T k) LI T T T 7 T T T T L T T A 3
T T J ) I i { | | 1

- 4_ €0

. {vo

{90

3IVIS ¥3IMOd ¥VINID

N 1s0
ﬁl

-.\—Fr—»hfu—.r— -\PL—-LV_ ;erer\rlmb.Fr_P\r-LLr.-b_»».

19




The two patterns agree reasonably well, and it is believed that
almost perfect agreement could be obtained if one had the time to make
the necessary, corrective, experimental adjustments in the equipment.
For instance, there is a tendency for the side-lobes to be more in the

"negative-power' region than they should be.

Linear power patterns were taken with both pulse and square-wave
modulation on the transmitting klystron, with essentially identical
results. The pattern shown in Fig. 12 happens to have been taken using

square-wave modulation.

It will be noted that the half-power beamwidth is about 0.2 degree,

in very close agreement with the calculated beamwidth:

9, = 34.4 (-’l) = 0.205 degree (8)
3 D

where D = 132 inches.

This is a good point at which to recall that the compound inter-
ferometer is a cross-correlation type of antenna--i.e., its power pattern
is the Fourier transform of the cross-correlation of the uniformly il-
luminated section of aperture with the interferometer portion. The
peculiar property of having negative-power sidelobes is a result of the
cross-correlation processing in the receiver. The true patterns associ-
ated with the antenna are the sum power pattern, |Z|? (see Fig. 8), and
the difference power pattern, |A|2. The pattern of Fig. 12 is merely
the result of subtracting these two, real, power patterns, so that a
negative-power sidelobe is simply a negative receiver output voltage
which is proportional to the difference between the two real power

patterns.

D. Measurement of Sidelobe-Suppression Capabilities Utilizing a Non-
Linear Element

The fact that the output power pattern of the compound interferometer
results from receiver processing gives the antenna an advantage, with
respect to conventional antennas, in that the pattern may be "shaped' or

altered in many different ways simply through the use of further receiver
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circuitry. For instance, against single sources {or targets), sidelobes
can be suppressed to almost any degree desired by employing a suitable,
biased, non-linear element. To demonstrate this capability experimentally,

the simple biased diode circuit shown in Fig. 11 was tested.

When diode Vg in Fig. 11 is biased above the voltage level of the
cathode of V4, all negative output pulses are suppressed from Outputs 3
and 4, and only positive pulses which exceed the bias voltage can pass
through. Thus, by increasing the bias voltage until only the main-beam

pulses are strong enough to come through, all sidelobes can be eliminated.

A very important characteristic of the compound interferometer with
respect to this type of sidelobe suppression is that all sidelobes can be
shifted downward intc the negative region merely by increasing the gain
of the A channel with respect to the £ channel. For instance, if the
gain of the A channel is increased to give a 3 db increase in the differ-

ence power pattern, |A|’, then the subtracted pattern,
(Iz1?* - 2 |a]?) (7)

has almost no positive sidelobes.! The condition of all negative side-
lobes is very desirable for two reasons: First, negative signals natu-
rally require less bias voltage for achieving complete suppression by a
non-linear element. Second, positive sidelobe signals are of the same
sense as the main-beam signals, so that they can be eliminated only on

the basis of amplitude difference, and this immediately limits the dynamic

range of signal levels over which suppression can be achieved.

Sidelobe suppression is better demonstrated on a logarithmic power
scale than it is on a linear power scale, so that the linear power re-
cording arrangement shown in Fig. 9 was not used for recording suppression
patterns. Instead, the suppressed 1000-cycle output from Connector No. 4
was passed through an attenuator-filter directly to the regular 40-db
logarithmic antenna-pattern recorder, A series of four patterns was
taken using different bias voltage settings, and these are reproduced in
Fig. 14. These patterns graphically demonstrate the decrease in sidelobe

level as the suppression bias voltage is increased.
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Although the patierns in Fig. 14 are quite impressive, it must be
noted that they demonstrate sidelobe suppression oniy under the ideal
conditions of having a source (the transmitter) with a constant power
level and a receiver with a constant gain. As the next step, it would
be desirable and interesting to determine the dynamic range of source
signal level (or, alternatively, receiver gain) over which effective
sidelobe suppression could be maintained. For such a test, it would be
necessary to equip the receiver with calibrated IAGC (instantaneousX
automatic gain control), because a constant-gain receiver can never
handle a dynamic range greater than that of its outlput circuitry, which
in this case runs on the order of 10 db. The IAGC would have to control
the :. and A channel gains in parallel, of course, in order to keep their
galn ratio constant. Unfortunately, incorporating IAGC inio the present
receiver would require the addition of two 1F amplifiers plus the associ-~
ated mixers and local oscillator, and the expense involved was considered
to be too high for the limited project funds available. Thus, it was not
possible to check cut the dynamic range of source signal level over which
effective sidelobe suppression could be maintained., It is assumed that
this dynamic range valuc will be determined mainly by t..e level to which
positive sidelobes can be reduced by increasing the ratio of the gain of
the A channel with respect to the gain of the I channel. On the basis
of previous calculations,! it appears reasonable to expect a range of

from 15 to 30 db.

E. Sidelobe Suppression Obtained Through Use of Automatic Channel Signal

Balangigg

The previous subsection demonstrated the use of a non-linear element
in obtaining sidelobe suppression. Another means for suppressing side-
lobes on this antenna is to balance the sidelobe signals in the X and A
channels through an AGC /automatic gain control) servo loop, whercupon

the subtractor output will be reduced to near zero, even though the

* "Instantaneous’ is used in a relative sense. It simply means that the
gain control response must be fast with respect to the rate of change
of received RF power as the antenna rotates.
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sidelobe signals in the two channels may be of considerable magnitude.

In order to demonstrate the channel balance method of sidelobe sup-

pression, a simple electromechanical servo loop was assembled from

available components and added to the receiver as shown in Fig, 15.

RF VARIABLE’ (SOUME-LAW
VIDEO CRYSTAL
DETECTOR

ATTENUATOR

INPUT
“C.F

INPUT
*CF

"CATHODE FOLLOWER

BROADBANO | ourput
VIDEO > e F
AMPLIFIER ATTENUATOR OUTPUT TO
FILTER 406 LOG
RECORDER
Y
I OUTPUT
SUBTRACTOR
CIRCUIT 9223
- u
#2 ouTPuT AMPLIFIER
)
y
1000 ~
BROADBAND SYNCHRONOUS
VIDEO ] TR DETECTOR
AMPLIFICR :
1000 ~
SYNC. REF.
GAIN CONTROL DC ERROR
A AN T SIGNAL
w~
GEAR SERVO | sERvo e~
™RAN [ MOTOR AMPLIFIER CHOPPER f"l
60~ 60~
LINE LINE
BA-509 -0

FIG. 15 BLOCK DIAGRAM OF RECEIVER WITH SIMPLE ELECTROMECHANICAL SERVO LOOP
ADDED TO IT FOR CHANNEL SIGNAL BALANCING

The
keep the
positive
channel,
reducing
exist in

from the

principle of operation is that the servo will always try to

subtractor output at zero--i.e.,

if the subtractor output is a

signal, the servo will drive to increase the gain of the A

thereby increasing the magnitude of the A channel signal and

the positive output.

Theoretically, sidelobe signals always

both channels simultaneously, and will therefore be eliminated

subtractor output by the servo balancing action, whereas
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main-beam signals (at the peak) exist only in the T channel and are not
affected by the servo action. Thus, the servo should permit only the

peak of the main beam to appear at the output of the subtractor circuit,

From a practical servo standpoint, the gain-control problem is not
too severe, since (as mentioned earlier) the power pattern obtained from

doubling the gain of the A video amplifier,
(Iz]2 - 2 |al?) (7)

has almost no positive sidelobes. Thus, if the difference amplifier is
set up initially to have twice the gain of the sum amplifier at maximum
position, then the servo can always achieve balance in the sidelobe
region merely by driving the gain control of the difference amplifier

alone. A gain-control range of about 10 to 1 should be sufficient.

Unfortunately for the experimental test, the gain-control range of
the A video amplifier (a Tektronics 514 Oscilloscope) was only about
3 to 1, so that although normally positive sidelobes could be suppressed,
the normally negative sidelobes could only he partially suppressed--i.e.,
the servo could not reduce the gain of the A video amplifier far enough
to cincel the normally negative sidelobes. Despite this deficiency in
gain-conirol range, a test pattern was run to see what results the servo
would give on positive sidelobes and also on the main beam (which is
also positive). The results are shown in Fig. 16 where, for convenience,
the various lobes are labelled positive or negative by means of * signs.,
Comparing Fig. 16(b), in which the servo was on, with Fig. 16(a), in
which the servo was off, one will note the following:

(1) Negative sidelobes were reduced only by 2 or 3 db, as

expected, because of the lack of sufficient gain-
control range in this particular servo system.

(2) Positive sidelobes were reduced by about 10 to 15 db,
such that their average level is better than 20 db
below the peak of the main beam.

(3) The main beam itself was sharpened by a factor of
about 25 percent.
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Thus, despite the deficiencies in the particular eguipment employed in
this test, the principle of sidelobe suppression through use of a channel-
balancing, AGC servo loop was definitely demonstrated. There is no
question but what the negative sidelobes could have been suppressed as
much as the positive sidelobes were suppressed, if the video amplifier

had had sufficient gain-control range.*

In a radar-type receiver, channel-balancing could be performed in a
far superior manner by controlling the gain of the A channel IF amplifier.
Being ahead of the square-law detector, the gain-control range needed at
the IF amplifier would only be about 3 to 1, compared to the 10-to-1 range
needed at the video amplifier in the present test set-up. In a practical
radar system, one would also have to have a far faster response time in
the AGC servo loop, since response time must be fast with respect to beam-

position dwell time.

As a sidelobe-suppression technique, channel}-signal balancing is
more desirable than the use of a non-linear element, because in the non-
linear element technique, a negative bias is produced at the subtractor
circuit output which is proportional to the level of the negative sidelobe
that is eliminated, so that in multiple-source situations, a desired weak
source might be "blanked out" by the sidelobe bias produced by a nearby
strong source. In the signal-balancing technique there is no such bias
to overcome, so that a weak source cannot be blanked out by a strong
source, at least not within the dynamic range limits of operation of the
AGC loop. In this respect, the suppressed sidelobes achieved by signal
balancing behave in a manner similar to the true sidelobes associated with
a conventional antenna. A limitation on this technique is that sidelobes
cannot be suppressed below the level determined L the balance error

signal of the AGC servo loop, so that sidelobe suppression of more than

* The gain-control range situation could have been remedied, of course,
either by alterati- of the oscilloscope video amplifier or by having
the servo drive the RF attenuator in the A channel, but a limited time
schedule on the part of the author prevented making these alterations.
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about 20 db would be difficult to achieve, considering the usual dynamic
range limitations of receiver circuitry. Another factor to consider,
from the standpoint of a practical radar system, is that channel-signal
balancing is applicable mainly to RF modulation waveforms that result in
a high average power level, such as square-wave modulation or noise
modulation. The reason for this may be found in the gain-bandwidth re-
quirements of the servo loop. The fast servo response time required in
most radar applications? demands a wide enough bandwidth that the amount
of gain that can be tolerated in the servo loop becomes limited, thereby
setting the minimum average voltage level of the error signal which, in
turn, sets the minimum average RF power level for which the servo will

operate well.

As a matter of interest, Fig. 17 shows patterns taken on two trans-
mitting sources which were spaced 13 feet apart at the pattern range
distance of 1320 feet. Source A was square-wave modulated whereas
Source B was pulse modulated with a pulse width of 10 microseconds. The
repetition rate was 1000 cps. The two sources gave approximately equal
peak power at the receiver, so that the average power level of Source B
was about 17 db below the average power level of Source A, The pattern
in Fig. 17(a) was taken without sidelobe suppression, and it will be
noted that it is impossible to distinguish Source B from the sidelobes
of Source A. The pattern in Fig. 17(b) was taken with sidelobe sup-
pression, whereupon Source B is easily recognized. The pattern spacing
between the two sources is 17 divisions or 34 minutes (2 minutes or
0.033 degree per division), which is exactly the angle that is subtended
by the 13-foot spacing at 1320-foot range. Both channel-signal balancing
and non-linear diode suppression were utilized in obtaining the pattern
shown in Fig. 17(b). Because of the difference in average power level,
the channel-signal-balancing servo worked well on the sidelobes of
Source A, but would not work well on the sidelobes of Source B. The
non-linear diode suppressor, on the other hand, worked well on the side-
lobes of either source, and was necessary for this particular test in
order to remove the negative sidelobes from Source A that were left by

the channel-signal-balancing servo.
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This test showed that the two sidelobe-suppression techniques are
complementary, and that it is advantageous to use them simultaneously.
It would be particularly interesting to test their combined sidelobe-
suppression capability in a multiple-source environment, using a receiver
equipped with calibrated IAGC. The object of the test, of course, would
be to determine the dynamic range of signal level over which it is possible
to detect a weak source in the presence of one or more strong sources,

since this ig a primary requirement for Successful radar operation.
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III CONCLUSIONS

An experimental compound interferometer antenna has been constructed
and tested in order to help evaluate its applicability as a possible

radar antenna.

On the whole, its measured patterns conformed quite closely to the
patterns arrived at in the theoretical analysis. Alignment adjustments
in the antenna-waveguide feed network were somewhat critical, but were
considered to be in keeping with the narrow beamwidth of the antenna,

which measured about 12 minutes.

The flexibility and ease of receiver control over the output power
pattern of this antenna proved to be a most interesting feature, and
contrasted sharply with the difficulty of pattern control experienced
with conventional antennas. For instance, preparations for recording
the familiar sin a/a linear power pattern associated with this antenna

consisted only of making a few balance adjustrents in the receiver.

Two different sidelobe~suppression techniques were tested; one
utilizing a non-linear element at the subtractor circuit output, and one
using an automatic channel-signal~balancing servo. The former technique
has the advantage of operating equally well on any type of envelope
modulation waveform and permitting a more complete suppression, but it
has the disadvantage of developing a ""sidelobe bias" which could be
harmful in multiple-source situations. The latter technique has the
advantage of not having any ''sidelobe bias' effect, but its s..pression
capability is limited to perhaps 20 db, and it is applicable mainly to
modulation waveforms that result in a high average power level--i.e., a
large duty factor. An advantage of both techniques is a marked sharpening
of the main beam. Also, it was found to be very advantageous to combine

the two techniques and use them simultaneously.

On the basis of the sidelobe-suppression performance obtained from
this experimental model, it is concluded that the compound interferometer

antenna could be applied to radar use in those situations where its
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advantages of high resolution and aperture congervation outweigh its
disadvantage of requiring the implementation of sidelobe suppression,
which results in a more complicated receiver. It should be noted that
the compound interferometer is naturally suited to sidelobe-suppression

t echniques and does not require an auxiliary antenna for this purpose.

Although this experimental model had a large aperture in terms of
wavelengths and was operated at a high microwave frequency, there is no
fundamental reason for not building a compound interferometer with a
much smaller aperture in terms of wavelengths and operating at a low
frequency. In fact, the aperture conservation and high resolution per-
mitted by the compound interferometer is probably of greater economic
importance at HF and UHF frequencies than it is at microwave frequencies,
because of the high cost per element and the real estate required at the

lower frequencies.
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